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Abstract 


Nursehound Scyliorhinus stellaris and small spotted catsharks Scyliorhinus canicula are frequently hosted in public 


aquaria and their husbandry is improving. The reproduction of this species in captive conditions is not difficult and 


juveniles are easily maintained in laboratory or in thematic tanks showed to the public. Data on juveniles are easily 


acquired in order to understand different aspects of their natural life and physiology. In two stages, during 2006 and 


2010, six S. stellaris and three S. canicula juveniles were tested at different salinity levels under controlled conditions in 


order to understand their responses in terms of respiration rate to this stress. In fact this is a benthic species living at 


constant water quality parameters at approximately 70-100 meters deep. 


Keywords: Benthic; Elasmobranch; physiology; Scyliorhinus canicula; Scyliorhinus stellaris 


Introduction 


Scyliorhinus canicula (Linnaeus, 1758) is a species of 
shark easy to manage in an aquarium and easy to observe. 
Much research about its endocrinology, nervous system, 
reproduction, physiology, etc., have been performed since 
1904 [1-16] and it is considered as an “emerging 
chondrichthyan model” [10]. The aim of this study was to 
evaluate the ability of immature specimens of Scyliorhinus 
canicula and of Scyliorhinus stellaris (Linnaeus, 1758) to 
adapt to changes in salinity, by measuring the 
consumption of oxygen of three small spotted catshark 
specimens and six nursehound specimens. During 


aquarium husbandry of juvenile nursehounds, it was 
observed that they were able to resist low salinity 
conditions; infact, in the oviparous elasmobranchs, the 
ability of the embryo to regulate salts and urea is 
present at the earliest stage of development [17]. The 
need for elasmobranch embryos to regulate osmolytes 
was reduced or delayed as viviparity evolved [17]. 
Observations were made in order to test their oxygen 
consumption at low salinity conditions. This stress can 
occur in fishes as a consequence or reaction to different 
environmental conditions. It is known as, the General 
Adaptative Syndrome (G.A.S.), in which biochemical and 
physiological changes occur, such as the production of 
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ACTH and corticosteroids with a subsequent reduction of 
Nat and Cl and loss of K*, an increase of blood sugars and 
blood pressure, and also an increase in oxygen 
consumption [18]. 


The mechanism of gill ventilation in Scyliorhinidae has 
been shown to be fundamentally the same as that found in 
teleost fishes [19,8,9]. The flow across the gills is 
maintained partly as a result of the increased pressure in 
of gill resistances but also because of the suction pump 
action of the parabrachial cavities [20]. Previous studies, 
performed in captivity, indicate that, in experimental 
conditions, Scyliorhinus canicula consumes 20-25 
cm3/kg/hr of oxygen at a temperature of 12°C. These 
measurements were made after relaying the specimens 
into cylinders, where it was regulated direct water flow to 
the gills. The oxygen consumption was calculated in 
different gradients of hydrostatic pressure (Ap) and 
pressure (PO 2) through the gills. A ventilation volume of 
0.43 1/min/kg for small spotted catsharks, Scyliorhinus 
stellaris was measured by Piiper and Schumann (1967). 
The experiments were designed to test if differences 
appeared in oxygen consumption at different salinities, 
and to obtain preliminary data on the osmotic stress to 
the fish to see if this could influence the respiratory 
processes. Observations were made in 2006 for 
Scyliorhinus stellaris and in 2010 for Scyliorhinus canicula. 


Materials and methods 


Test Scyliorhinus stellaris (2006) 


The observations were made in the Argentario 
Mediterraneum Aquarium. The six tested specimens were 
maintained in four glass tanks, three of them with a 
volume of 13.5 litres (1), the last with a total volume of 
30]. One specimen was maintained in each tank of 13.5 | 
and three specimens were placed in the 30l. All tanks 
were equipped with an inner filter and an air diffuser, 
sand in the bottom, and some small rocks in an attempt to 
reproduce a natural environment. All juveniles were 
approximately one year old. Water parameters (T°, pH, 
Salinity, Nitrites) were measured daily. Tests were 
performed two times per week for three weeks. Nine 
tanks of 6.2 | were used for the experiments, six of them 
with animals and three without to compare diffused 
oxygen level differences in the sea water during the test. 
The sea water, arriving directly by pipeline from the sea 
after 50 um filtration, was prepared the day before at a 
fixed salinity rate (adjusted using freshwater) and 
oxygenated all night. The dimensions of the experimental 
tanks were 18 cm high, with a water level of 13 cm, 30 cm 
long, 16 cm wide, with a volume of 6.24 |; an air diffuser 
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was used before experiment, no filter system. The 
experiments were performed between 10:00 hrs to 15:00 
hrs. The starting oxygen level was 8 mg/l for each 
experiment. The specimens were maintained in the test 
tanks for five hours and data on oxygen levels were 
obtained ever 30 min with field oximeter calibrated daily 
(Hanna HI 9142, company, place made) [21]. The salinity 
levels in the tanks were three tanks each at 29.5 %o, 33.5 
%o, and three at 37.5%o, for each group plus one tank 
without animals as control. 


Test Scyliorhinus canicula (2010) 


During the nine weeks of experiments, three replicate 
fishes, ranging in size between 38 and 48 cm total length, 
housed at the Aquarium Mondo Marino of Massa 
Marittima (GR), were available in four different pools. 
These tanks contained a total volume of 82 litres (1), and 
were free of filter or skimmer. The tubs were filled with 
water decanted in two large non-toxic fibreglass cylinders 
in the lab, 2000 1 each. Water was drawn periodically 
directly from the sea in the municipality Follonica, in the 
locality of Pratoranieri. The preparation consisted in 
filling the three tanks the night before the experiment 
with water drawn directly into the sea in locations 
indicated above and in bringing the salinity, with the 
addition of reverse osmosis water, to the previously 
established values. The tanks were connected to an 
oxygenator with a porous stone, for the night before, 
leading to a saturated oxygen concentration. The next 
morning oxygenators were disconnected, and _ the 
dissolved oxygen measured, as well as temperature and 
pH (at time zero, t0). 


The sharks were then placed one in each tank of 
different salinity. The values were 38 %o, 30 %o, 35 %o, 
and tank N° 4 contained sea water salinity 35 %o which 
served as control. Every shark remained in the same tank 
for five hours, to be transferred to its original tank. This 
protocol was repeated for four days per week (Tuesday to 
Friday). Each specimen was tested for each salinity. From 
time zero (tO) the measurements were performed every 
hour five times, of dissolved oxygen and temperature both 
in the tanks that housed the animals and in that of the 
control tank; therefore six oximeter measurements for 
each tank (tO- t1- t2- t3- t4- t5). The pH was measured 
only at t0 and to t5. The observations were made during a 
nine-week period. 
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Results approximately the first 60-90’ the oxygen consumption 
was, on average, approximately 0.6-0.8mg/l per hour per 
Test 2006 Scyliorhinus stellaris fish; after this adaptation time, the consumption become 
constant to 0,2-0,3mg/1 per hour in the three different 
Data collected on the level of dissolved oxygen in the groups for the remaining four hours (figures: 1-3). 
tank showed little oxygen consumption. During 
r . 
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Figure 1: Oxygen consumption at salinity 29.5. 
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Figure 2: Oxygen consumption at salinity 33.5. 
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Figure 3: Oxygen consumption at salinity 37.5. 
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Test 2010 Scyliorhinus canicula 


Data collected in this first series of observations 
indicate an increase in the oxygen consumption within the 
first two hours of experimentation for all the specimens in 
all conditions of salinity, and a stabilisation of 
consumption in the last three hours of the experiments. 
The average consumption in the first two hours was 
approximately 1 mg/I/h, and then stabilized near 0.4 
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Figure: 4 
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mg/l/h in the remaining hours. The significance of 
differences was calculated using the Student's t-test. The 
temperature did not vary significantly during the five 
hours of experimentation but a slight decrease in pH and 
salinity was observed, regardless of the animal in the tub. 
This is presumed due to CO2 production by the sharks, 
and was not observed in the control tank. 
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Figure: 5 
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Figure 4, 5, 6 Oxygen consumption, expressed in mg/1/h, as a function of time, for different animals exposed to the same 


salinity. Asterisks refer to the significant differences. 
Conclusions 
Nursehound and small spotted catsharks are sedentary 
sharks living on the bottom, adapted with a low 


metabolism like all the other Scyliorhinidae. During the 
embryonic development in egg cases they are able to 
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regulate salt levels. These preliminary data show that this 
kind of sharks, when juveniles and born in aquaria, can 
easily and rapidly adapt to very different environmental 
conditions, such as low salinity rates, even if they don’t 
require it at constant water conditions like the sea bottom 
where they normally live. This data should be useful to 
improve the knowledge about physiology, in particular 
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the osmotic fluid changes but also about biochemical 
adaptations to stress, in order to evaluate particular 
evolutionary processes explaining this ability. The 
observations, strictly preliminary, need to _ be 
implemented with an increased number of specimens and 
widening the data set to younger as well as adult animals, 
supplemented with the collection of blood samples to 
examine the changes in values of ACTH and 
corticosteroids, which involve higher blood glucose 
concentrations and higher blood pressure which, in turn, 
are typically increased in General Adaptation Syndrome 
that is activated in stressful situations. 
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